Abstract-This paper presents control strategies for the integration of a grid-connected wind-photovoltaic hybrid system via adaptation converters connected to a common DC bus. For both wind and solar system, adequate control algorithms have been implemented for the maximum power extraction. The grid side converter has been connected to the point of common coupling (PPC) through an RL filter. The control of the grid side converter (GSC) was made in order to control the power quality and quantity of the feed power to the grid. At the DC bus, a PIregulation control was adopted to overcome the ripples caused by the power flow. Performances of the adopted control laws have been evaluated by MATLAB/Simulink simulations.
I. INTRODUCTION
Nowadays, the daily problem in the entire world is to meet the energy demand growth permanently. In addition, due to the oil crisis announced last few years and the exponential rise in the price of conventional sources and their adverse effects on the future of the planet, a major asset was developed by renewable energies which involved more and more on the energy market electric. Actually, Photovoltaic and wind energies are promising technologies and considered as best candidates [1] - [2] - [3] - [4] - [5] . Nevertheless, they have a fluctuating and unpredictable character.
Despite advantages of renewable energies hybrid systems and their response under balanced conditions, their performances become insufficient in faulty grids and their good operation is highly conditioned to the robustness of the control algorithms [6] - [7] - [8] - [9] .
Thus, some new challenges on the power electronic train occur as reasonable. We can cite, especially, maximum power extraction [10] - [11] and improvement of the injected power quality [12] . In other terms, the control strategies must be able to overcome both the problems related to the tracking of the maximum power point and the problems of their connection to the grids under any conditions [13] .
In order to make the renewable energies technologies more competitive for grid-connected application and to reduce the constraints mentioned above to provide a major challenge for the renewable energy penetration into the grid, this paper presents a behavior analysis of a grid-connected wind-PV hybrid system.
II. MODELING AND CONTROL OF THE WIND-PV SYSTEM
The power configuration of the studied hybrid system is depicted in Fig. 1 . 
1) Induction Generator Model
In relation to the tip speed ratio [14] , the evolution of the power coefficient is given by (1). 
Relatively to the (dq) reference frame, the sdq voltages and the sdq φ flux of the induction generator (IG) can be written as follows [15 
On the rotor side, the same quantities are governed by the following differential equations: 
2) RSC converter model and control
The rotor side converter (RSC) takes care of the Induction Generator control. The output DC current i dcw is also dependent on the control signals of the converter according to:
With: i sd,qw and C d,q are, respectively, transformed IG currents and control signals on the Park rotating frame.
Knowing that our main goal focuses on the control of the grid side converter (GSC) interfacing with the electrical grid, a simple scalar control was adopted for the rotor side converter (RSC) (see Fig. 1 ). In fact, the adjustment of the generator speed is provided by the recovery of the stator angular speed from the rotor and the angular frequency. The latter, who is the image of the machine torque, comes from the speed controller that balances by changing the stator pulsation.
An open-loop speed control based on constant volts per hertz (V/f) method ensures, at any frequency, high output torque and nearly zero steady-state speed error. Thus, the speed has been accurately controlled.
B. Photovoltaic Conversion System 1) PV Generator Modelling
In this paper, we have adopted the model of a photovoltaic cell as shown in Fig. 2 [1] - [3] - [11] . In accordance with above model, and with a view to achieve the desired power, an association of N p modules in parallel and in series N s modules gives rise to a photovoltaic generator (GPV) [5] .
While considering that all cells are subjected to the same light and at the same temperature, the current-voltage characteristic of GPV obeys to (5 
With,
With the control of energy flow that can offer, the DC / DC converter is the central element of a photovoltaic system. This controllable boost chopper, in our case, operates for the maximum power point tracking independently of the temperature and irradiance.
2) Fuzzy Logic Control of the Boost Converter
The main goal of the MPPT method is to track the voltage V MPP at which a PV generator should operate to produce the maximum power output P MPP under a given weather conditions [11] . In this context, the boost converter has been piloted by a fuzzy logic controller (FLC) (see Fig. 3 ). The converter model in state space representation is given as follows:
The fuzzy rule base used in the fuzzy logic controller is given in Table I . The fuzzy inference operation is implemented by using the 25 rules. The min-max compositional rule of inference and the center of gravity method have been used in the "defuzzification" process.
III. CONTROL OF THE GSC CONVERTER
In this paper, a hysteresis current controller has been used to compare the reference current and actual current to generate the control pulses [6] - [7] . This control strategy maintains the injected currents in a hysteresis band.
By this control strategy, the GSC adjusts the DC-link voltage at the desired voltage reference and adjusts the values of the control currents. Once the required values of the injected currents are calculated, they are transformed into waveforms control currents of each phase. Then, the hysteresis current controller forces the injected current to pursue its reference. The block diagram is shown in Fig. 4 . In order to prove the effectiveness of the hysteresis control for a three-phase PWM grid-connected GSC converter fed by hybrid system. Simulations have been performed using MATLAB/Simulink software environment. The simulations were interested to two studies cases: the case of a balanced connection grid and the case of a voltage dip of 30% affecting the PCC voltages.
A. Studied system behaviour under balanced conditions
In order to show that photovoltaic current is influenced, mainly, by irradiance and the GPV terminal voltage is clearly related to the variation of temperature, we simulated the GPV behavior under serious weather condition's variations (see Fig. 5 ). So, it can be confirmed that photovoltaic power is related with the variation of both irradiance and temperature parameters. Concerning the adopted wind speed profile, it is depicted in Fig. 6 . In accordance with the theoretical study, it can be observed in Fig. 7 , that the rotor speed is well controlled. In addition, the mechanical power and the mechanical torque of the turbine are both dependent of the wind speed profile. Knowing that a capital importance has been given to the DC-link voltage regulation using use a feedback control with PI regulator, the DC-bus voltage tracks correctly its reference value and remains stable as seen in Fig. 8 . Simulated line current THD analysis is presented in Fig. 10 . The simulated value of THD is 2.17 %. This value is in close agreement hence validating grid requirements (less than 5%). We remark that the line voltage and line current are in phases ( fig. 9 ). Therefore the reactive power is null ( fig. 11 ) and we are in case of unity power factor. 
B. Performance of the strategy of control under voltage dip
In this section, the hybrid system behavior during voltage dips is investigated. Fig. 12 shows a dip of 30% in the grid voltage, occurring at t=0.3s and disappearing at t=0.6s. As it can be observed, in Fig. 12 , that the rated magnitude of the injected current increases during grid fault.
However, the active and the reactive power injected to the grid are affected only in the moments of the appearing and disappearing of the voltage dip (Fig.14) . The above results highlight the importance of the presented control algorithm.
V. CONCUSION
In this paper, a control algorithm for a grid-connected wind-PV hybrid system is proposed. The process of extracting maximum power was applied to the wind system and the PV system with a fuzzy logic control. The validation of control algorithms was made by simulations on MATLAB-Simulink and the results have proven their robustness when connected to a balanced electrical grid and even in case of default.
